This paper presents the electricity power potency estimation from hot spring in Indonesia with temperature 70-80°C using Organic Rankine Cycle (ORC). ORC is a system that able to generate electricity with a low heat source temperature, making it suitable to be used to generate electricity with hot spring as heat source. Organic fluid is used as working fluid in the system. Temperature and volume flow rate of the hot spring is used as the data. The regions to be analyzed are area that has hot springs temperature between 70-80°C. The cold water temperature to be used in the analysis was assumed 5°C lower than ambient temperature. R227ea was chosen as working fluid in the system. The analysis begins by calculating hot spring mass flow rate to determine heat input. Analysis was continued by calculating heat output. End of the analysis are determiningturbine power and thermal efficiency. Results of the analysis indicate that Lompio -1 is the area that has the highest electricity potential compared to other areas with 130.13 kW turbine power and thermal efficiency of 5.71%. Areas that have the lowest electricity potential is Kambahan with 1.14 kW turbine power and 5.63% thermal efficiency.
Introduction
Dependence on fossil fuel and global warming impact, encourage energy system transition to energy systems based on renewable resources. In fact, the potential of renewable energy such as biomass, geothermal, solar energy, water energy, wind energy, and ocean energy has not been widely used in Indonesia. Indonesia is one of the richest countries that had 40% of potential geothermal reserves of the world, but its utilization for power generation until now only 4.1% of the total potential [1, 2] .Geothermal system in Indonesia is generally a high-temperature hydrothermal system (> 225°C), only a few locations have temperatures between 125-225°C [2] . The presences of subsurface hydrothermal system are often indicated by the presence of geothermal surface manifestation, such as hot spring, geyser, fumarol, mud pool, steaming ground and altered rock [3] .
The hot springs are part of the potential geothermal manifestation that can be used as a heat source for power generation. Hot springs in Indonesia usually have temperature below 100°C. ORC is a system that can generate electricity with a low heat source temperature. The use of ORC systems for power plants with low temperature heat sources can provide excellent performance compared with other technologies [4] [5] [6] [7] . In addition, ORC is a system that is flexible, secure and has low maintenance costs [8] [9] [10] . Therefore, the organic Rankine cycle power plant is suitable to be used as heat source using the hot springs.
ORC power plant that uses a commercial scale using the hot springs has been conducted in several countries. Holdmann was reporting ORC in Chena Hot Spring, Alaska, geothermal heat sources with temperatures 73°C, the working fluid R134a, water cooling fluid temperature 4.4°C, can produce a capacity of 210 kW and an efficiency of 8.2% [11] .
Working fluid used in the analysis is R227ea. R227ea is a suitable fluid for heat source temperature below 100°C [12] [13] [14] . R227ea is not explosive, not poisonous, and enables to operate at above atmospheric pressure to prevent the leakage of the cycle to the ambient air [15] . This paper will analyze the potential power of the hot springs in Indonesia using the ORC system. The location of hot springs to be analyzed were those that have heat source temperatures between 70-80°C.Result of this paper is expected to be a reference in the development of power generation system using the hot springs as a heat source based on the organic Rankine cycle in Indonesia, so the utilization of the hot springs as renewable energy can be one solution to overcome the energy crisis problem.
Methodology
Electricity generation using hot springs as a heat source was analyzed using the ORC system. ORC is a system that can work at low temperatures. Therefore, the system is suitable to be used for generating electricity using the hot springs at temperatures below 100°C. ORC system with a heat source hot springs is shown in Fig. 1 .
The ORC system operation principle as shown in Fig. 1 is the same as the conventional Rankine cycle, but in this case, the working fluid is an organic fluid of low boiling point instead of water. The working fluid is pumped into the evaporator. Working fluid is heated and vaporized by the heating fluid (hot springs) at constant temperature and pressure to the saturated vapor phase in the evaporator tube. Isentropic working fluid is expanded to low pressure in the turbine and drives the electrical generator to produce electrical energy. Output of the turbine working fluid is condensed in the condenser and then pumped back to the evaporator. Cooling fluid used is river water/ wells that are exist in the area.
R227ea is a working fluid that is used in analyzing the potential power of hot springs in Indonesia. R227ea physical properties are shown in Table 1 .The assumptions to analyze ORC system are steady state condition, working pressure through condenser and evaporator are constant, working fluid at inlet refrigerant pump/ outlet condenser is saturated liquid (condition at point 1) and at inlet turbine/ outlet evaporator (condition at point 3) is saturated vapor, turbine and pump work adiabatically, and kinetic and potential energy are negligible. Energy balance is used in the analysis. T-s diagram which is shown in Fig. 2 was made to simplify the analysis. Energy balance equation and thermodynamic analysis calculation of ORC refers to Moran [16] . 
Energy balance at the evaporator
Analysis was started by determining energy balance at the evaporator. Energy balance at the evaporator is use to calculate heat input/ evaporator capacity. Heat input is calculated to determine the amount of heat that can be use in the system to produce electricity. Mass flow rate of the hot spring must be calculated before calculating heat input. The calculations of hot spring mass flow rate and energy balance at the evaporator are shown in equation (1) and (2).
where is heat source (hot spring) mass flowrate (kg/s); is heat source (hot spring) volume flowrate (m 3 /s); is density of the hot spring (kg/m 3 ); = is heat input/ evaporator capacity (kW); is specific heat of heat source/ hot spring (kJ/kg°C); is heat source input temperature (°C); is heat source output temperature (°C); is refrigerant mass flow rate (kg/s); is refrigerant enthalpy at outlet refrigerant pump/ at inlet evaporator (kJ/kg); and is refrigerant enthalpy at outlet evaporator/ inlet turbine (kJ/kg).
Energy balance at the refrigerant pump
Analysis continued by calculating mass and volume flow rate of the refrigerant through energy balance at the pump. Refrigerant volume flow rate was calculated to determine refrigerant pump specification that will be used in the system. Energy balance at the refrigerant pump and calculation of refrigerant mass and volume flow rate are shown in equation (3) and (4). (3) (4) where is isentropic efficiency of the refrigerant pump; is power of isentropic refrigerant pump (kW); is power of the refrigerant pump (kW);
is refrigerant enthalpy at inlet refrigerant pump/ outlet condenser (kJ/kg); is refrigerant isentropic enthalpy at outlet refrigerant pump/ at inlet evaporator (kJ/kg); is specific volume at inlet refrigerant pump/ outlet condenser (m 3 /kg); is refrigerant pressure at inlet refrigerant pump/ outlet condenser (bar); is refrigerant pressure at outlet refrigerant pump/ inlet evaporator (bar); is refrigerant volume flow rate (m 3 /s); and is refrigerant density at inlet refrigerant pump/ outlet condenser (kg/m 3 ).
Energy balance at the turbine
Next analysis is calculating turbine power. Turbine power was calculated to estimate the electricity that can be produced at the system. Energy balance at the turbine is shown in equation (5). (5) where is turbine isentropic efficiency; is turbine power (kW); is isentropic turbine power (kW); is refrigerant enthalpy at outlet turbine/ inlet condenser (kJ/kg); and is refrigerant isentropic enthalpy at outlet turbine/ inlet condenser (kJ/kg).
Energy balance at the condenser
Analysis was continued with energy balance at the condenser. Energy balance at the condenser is used to calculate the heat output/ condenser capacity. Heat output is calculated to determine mass and volume flow rate of the cooling fluid. Volume flow rate need to be calculated for determining specification of the pump. Energy balance at the condenser and calculation of cooling fluid mass and volume flow rate are shown in equation (6) and (7). (6) (7) where is heat output/ condenser capacity (kW); is mass flow rate of cooling fluid (kg/s); is specific heat of cooling fluid (m 3 /s); is input temperature of cooling fluid (°C); is output temperature of cooling fluid (°C);
is volume flow rate of cooling fluid (m 3 /s); and is density of cooling fluid (kg/m 3 ).
Thermal efficiency of the system
Last analysis is calculating thermal efficiency of the system ( ). Thermal efficiency is calculated to determine the performance of the ORC system. Calculation of thermal efficiency is shown in equation (8). (8) 
Data
Design primary data is hot spring source in Indonesia that has temperature between 70-80°C shown in Table 2 . Analysis of the potency for electricity power using hot springs as heat source with a temperature of 70-80°C was conducted to determine the feasibility of the hot springs to be used as a heat source in power generation. Several data assumptions were made for the analysis. The assumption data is shown in Note: * Especially for Cimanggu area, because there is no reference ambient temperature, we have made measurements directly to Cimanggu, and get the data of cooling water temperature is 15°C. Note: T3 is temperature at inlet turbine/ outlet evaporator (°C) and T1 is temperature at inlet refrigerant pump/ outlet condenser (°C).
Temperature difference of cooling water temperature with ambient air temperature is 5°C. Temperature difference between the temperature of the hot springs in and out, as well as the cooling fluid temperature difference in and out, each of which is 10°C. Temperature R227ea at refrigerant pump inlet/ outlet condenser is saturated liquid and assumed to be equal to the temperature of the condenser outlet cooling fluid, and temperature R227ea at turbine inlet/ outlet evaporator is saturated steam conditions assumed to be equal to the temperature of the hot springs outlet evaporator.
Result and discussion
The analysis begins by calculating the heat input/ evaporator capacity. Heat input is calculated to determine the amount of heat that goes into the ORC system, so the amount of electricity potency can be determined. Heat input value is influenced by the volume flow rate of the heat source (hot springs). The result of the calculation is shown in Fig. 3 . Fig. 3 showed that the heat input in Lompio -1 is the largest, amounting to 2,045.68 kW. This happens because the hot springs in Lompio -1 have a high volume flow rate, which is about 3,000 l/min. These results indicate that the higher the volume flow rate of the hot springs, the higher the heat that can be entered into the system. The next analysis is to calculate the refrigerant flow rate and heat output/condenser capacity. The heat output is calculated to obtain the volume flow rate of the cooling fluid. If the volume flow rate of the cooling fluid has been calculated, then the pump specifications can be determined. The results of the calculation of the refrigerant flow rate, heat output and cooling fluid flow rate are shown in Table 4 . Table 4 showed that the highest heat output is hot spring at Lompio -1. The high of heat output means the pump of cooling fluid need high specification. This means the bigger heat output, the bigger volume flow rate needed for condensation process in the system. Analysis followed by calculating the turbine power. Turbine power is calculated in order to determine the electrical power produced at the ORC system. Turbine power calculation results for each region are shown in Fig. 4 . Turbine power associated with heat input and the volume flow rate of the refrigerant. The higher the heat input, the value of the volume flow rate of the refrigerant will be higher as well, so that the turbine power generated in the system will be even greater. Lompio -1 area gains the largest turbine power as compared with other regions, namely 130.13 kW. The lowest turbine power is Kambahan area with 1.14 kW of turbine power. This happens because Lompio -1 has the highest heat input and volume flow rate of the refrigerant compared to most other regions, and Kambahan has the smallest heat input and refrigerant volume flow rate. In addition, Lompio -1 hot springs have the highest flow rate compared to other areas, so as to produce a high power turbine as well.
Final analysis is calculating performance of the system. The result of thermal efficiency calculation is shown in Fig. 5 .Thermal efficiency is influenced by temperature difference between the operating temperature and the cooling fluid temperature. The higher the temperature difference between the operating temperature and cooling fluid temperature, the thermal efficiency will be greater. Fig. 5 shows that Cimanggu has the largest value of thermal efficiency compared with other regions, which is 7.28%. This happens because Cimanggu have operating temperature 68°C and cooling fluid temperature 15°C, thus placing Cimanggu into area that has the highest temperature difference between operating temperature and cooling fluid temperature compared to other regions. 
Conclusions
The electricity power potency estimation from hot spring in Indonesia with temperature 70-80°C using Organic Rankine Cycle gives the conclusion that the volume flow rate of hot springs can determine the value of the electricity generated in the ORC system. Hot springs in Lompio is a region that has the largest volume flow rate, which is 3,000 l/m. The resulting heat input Lompio -1 area is 2,045.68 kW, so the generated turbine power is 130.13 kW. The temperature difference between operating temperature and cooling fluid temperature affects the thermal efficiency of the system. The higher of the temperature difference, the thermal efficiency is greater. Cimanggu has the highest temperature difference compared to other regions, namely 53°C, resulting 7.28% thermal efficiency of the system.
